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Abstract 
Eddy current testing (ECT) is a widely used non-destructive inspection technique on pipeline. To develop a precise 
inspection method, the variations of the amplitude and phase of ECT signal should be investigated taking into 
account crack width. This paper describes 2D axial symmetric numerical analysis of ECT. The stimulation results 
show when the width of rectangular slot is constant, signal phase has obvious rules related to slot depth. But The ECT 
signals are seriously influenced by the slot width under the conditions of fixed slot depth. The effect of crack width 
and depth of pipeline is clarified. Understanding of respective signal characteristics would be useful for more reliable 
inspection. 
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1. Introduction 
Eddy current testing (ECT) has become the most widely applied nondestructive inspection method for 
steam generator heat exchange tubes in nuclear power plant, the wheel hub of aircraft and  so on [1-3]. The 
results show the phase of ECT signals has a significant reduction with the defect depth in aluminum, 
stainless steel pipe [4]. However, the defects of actual work piece vary widely, which are certainly 
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different in depth and width of defect. Therefore, it is noteworthy that whether the crack width has 
influences on the amplitude or phase of detection signals and interferes with people distinguishing 
between internal and external wall defects.  
At present, the quantitative evaluations of crack depth have been extensive studied with ECT method 
[5-6]. G.Cao [7] explained the diameter changes of via hole would cause the signal phase differences, 
amplitude and phase can be combined to reasonable evaluate the defect size, but they scarcely discuss the 
impact of signal on the change of crack width. Z.H.Huang [8] preliminarily simulated and analyzed the 
signal changes of steel pipeline defects caused by the depth and width, based on which the eddy current 
probe has been optimized. However, the results were still not perfect because the range of crack sizes is 
too small.  
In this paper the Finite element analysis (FEA) model of inserted ECT is established. The defects of 
cracks are characterizes with rectangular slot, the impedance changes of eddy current coil are calculated. 
The phase and amplitude of signals changing with the crack depth are analyzed. It is expected to be 
helpful for ECT in the engineering practice. 
2.  ECT Model 
Fig.1 shows the ECT model with inserted eddy current probe for stainless steel (Inconel690) pipe. 
Considering the symmetry of the model, three-dimensional solid model is replaced by the 2D axial 
symmetric model in this paper. The inside diameter D of tested pipeline is 20mm，the wall thicknesses H 
is 2 mm and the length L is 70 mm. The inside diameter d1 of eddy current coil is 16 mm，the outside 
diameter d2 of coil is 19 mm，the gap d between two coils is 1.5 mm. In order to use mesh flexibly, 
reduce the computation, save computing time and ensure the accuracy of simulation, a cylindrical ring of 
air is set in the free zone outside the pipeline model. The air layer thickness is 8mm. The rectangular slot 
width c is 0.02 ~ 20 mm and the depth h1 is 0.2 ~ 1.7 mm. The relative permeability of tested pipeline is 1 
and the conductivity is 1.03×106 S/m；The relative permeability of eddy current coil is 1 and the 
conductivity is 0.58×108 S/m. The eddy current coil turns N is 100 turns.  
 
Fig. 1. FEA model 
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Outer boundary conditions are imposed by AZ=0 and the conditions of the axis of symmetry are 
loaded automatically. The effective voltage of coils is 12V, the phase difference between two coils is 
180°, and coils are coupled CURR freedom. The results of magnetic flux density, magnetic field lines, 
coil impedance can be obtained after the model is solved. The impedance of differential coils can be 
calculated following equations： 
                           1Z = Z - ZΔ                                       (1) 
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It can be obtained from the formula (2) that， 
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ZΔ  is the impedance difference between the two coils, Um is the voltage load of coil, Imreal is the 
real part of coil current, Imimag is  the imaginary part of coil current, Zmreal is the real part of coil 
impedance, Zmimag is   the imaginary part of coil impedance. Imreal and Imimag can be obtained directly 
from simulation results. The impedance Z can be obtained according to the formula (3) and formula (4), 
therefore, furthermore  ZΔ  is calculated. The step moving distance of differential probe is 0.5 mm, then 
smooth and continuous curve is obtained.  
3. Analysis and Discussion 
3.1. Effects of Rectangular Slot Depth  
The system parameters of ECT have been mentioned above, the width of rectangular slot is 0.6 mm 
and the depth is 0.2~1.7 mm. Fig.2 shows, the phase angle decreases with the rectangular slot depth 
increasing, which is used to evaluate the defect depth [9]. When the excitation frequency varies from 100 
kHz to 400 kHz, the phase increases with the same depth slot. When the depth is 0.2 mm, the excitation 
frequency from 100 kHz to 400 kHz, the phase-difference is 162.8 o, however the amplitude difference is 
only 0.0071 Ω.  
When the excitation frequency is 400 kHz and the depth of rectangular slot varies from 0.2～1.7 mm, 
the decay rate of phase with the depth of the slot is comparatively fast, up to 124.1o/mm, only 38.4o/mm 
in the 100 kHz. It can be seen that as frequency increases, the phase is more suitable for the evaluation of 
the rectangular slot depth; What is more, from the impact of frequency change on phase and amplitude, 
the effect of phase is relatively large, while amplitude relatively small.  
3.2. Effects of Rectangular Slot Width  
Fig.3 shows that when the depth of rectangular slot is 1 mm and the width is 0.02～3.5 mm, the signal 
phase decreases rapidly with the increasing of rectangular slot width. When frequency increased from 100 
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kHz to 400 kHz, the maximum variation of phase was 16.0 o, 19.7 o, 21.5 o and 24.0o respectively. So the 
frequency is the higher, the impact of phase from the width change is the greater. In addition, when the 
width is greater than 10.5 mm, the phase difference is small; In the middle section between the two parts, 
the signal increased with the increasing of width. The signal amplitude increased with the width 
increasing, and the growth rate of magnitude with different frequencies is basically similar. The 
amplitude changes indistinctively when the width is greater than 5 mm. 
The width (10.5 mm) of crack when phase is stable lags behind the width (5 mm) of crack when the 
amplitude is stable. The results show that if the amplitude is stabilized, the phase will also become stable 
after a certain increasing. As for the point of view, the phase difference between the stationary point and 
the extreme point with different frequencies, it can be seen that when the excitation frequency is 100-400 
kHz, the corresponding phase difference is 11.2o、9.0o、7.5o and 6.6o respectively. Thus it is clear that 
the higher the frequency is, the more gentle of the signal changes in the second half. 
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(a) Relationship between phase and crack depth                      (b) Relationship between amplitude and crack depth 
Fig. 2. ECT simulation results of different rectangular slot depth: 
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(a) Relationship between phase and crack width             (b) Relationship between amplitude and crack width 
Fig.3. ECT simulation results of different rectangular slot width: 
Fig.2-3 shows that when the phase of eddy current signal is used to determine the depth, if the defect 
is fixed width, the situation is relatively simple that it will be low error rate to use the relationship 
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between the phase and the depth, but in fact the formation of defects is different and the widths changes 
greatly. Simulation results show that when the width of the defect is small relatively, the phase is largely 
influenced by the width change, when the frequency is 400kHz, the phase difference of the rectangular 
slot is up to 24.0°, which will have a great disturbance to determine the depth of defects and also makes it 
difficult to judge whether the defects are in the inner wall or outer wall. This phenomenon must be 
concerned by the non-destructive testing workers, otherwise there is substantial miscarriage of justice in 
practices and further analysis will be given in future.  
4 Conclusions 
1) As for eddy current detection of pipelines, when the width of rectangular slot is constant, signal 
phase is obviously correlated with slot depth. When frequency increases, there is more significant 
difference in the phase with depth varying. 
2) When the rectangular slot depth is constant, changes in width have a greater influence on the 
detection signal. When the width is smaller, the phase decreases with the width increasing and the 
amplitude is rapidly increasing, while the width is larger, phase and amplitude stay the same. 
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